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Air  Conditions  and  Healtli 

Chemical  Composition  and  Physical  Qualities  of  Air 

By  THOMAS  J.  DUFFIELD,  Executkre  Secretary,  Committee  on  Research,  American  Society  of 
Heating  and  V entilating  Engineers,  formerly  Executive  Secretary  and  Director  of  Field  Studies,  New 

York  ComnUssion  on  VentilaHon 


IT  is  an  unfortunate  fact  that  at  the  present 
time  in  treating  the  subject  of  the  relationship 
of  air  conditions  to  health,  our  story  must 
deal  largely  with  what  we  do  not  know  rather 
than  what  is  known.  The  truth  is  that  it  is  only  a 
relatively  short  time  since  the  foremost  scientists 
who  have  given  the  matter  thought,  have  clarified 
their  own  ideas  on  the  subject. 

The  average  layman  still  fails  to  differentiate 
between  the  chemical  and  physical  characteristics 
of  air.  He  has  been  taught — generally  by  persons 
who  knew  little  more  about  the  matter  than  he 
did  himself — that  he  should  work,  play  and 
sleep  in  plaxxs  plentifully  supplied  with  "fresh" 
air,  and  he  has  been  led  to  believe  that  outdoor 
air  is  always  'Afresh"  and  wholesome,  while  air 
indoors  is  generally  vitiated  and  harmful. 
Neither  of  these  impressions  is  miqualifiedly  true. 

What  then  are  characteristics  of  air  that  affect 
our  health?  In  its  relation  to  man.  air  plays  a 
dual  role.  In  the  first  place,  it  serves  as  the 
source  of  the  oxygen  so  necessary  to  our  vital 
processes ;  in  the  second,  it  serves  as  the  medium 
into  which  the  body  loses  the  excess  heat  it  de- 
velops from  the  food  we  eat.  Normally,  part  of 
the  energy  from  this  source  is  immediately  re- 
quired to  keep  bodily  processes  functioning;  part 
of  it  is  stored  up  for  future  use,  and  the  remain- 
der is  lost — largely  to  the  atmosphere,  in  the  re- 
spired breath  and  in  warming  the  air  that  comes 
in  contact  with  our  bodies  and  clothing.  * 

As  regards  the  first  of  these  roles,  it  is  the 
chemical  composition  of  the  air  that  is  important, 
and  from  this  angle,  we  know  of  no  better  condi- 
tion than  one  finds  in  nature,  in  spots  well  re- 
moved from  centers  of  habitation  and  industry. 
Air  is  a  mixture  of  gases  and  under  such  con- 
ditions it  win  be  found  that  volumebic  analysis 


would  give  approximately  the  results,  shown  w 
Table  L 

TaUe  I 

Chemical  Composition  ofAiratN(«mal  TEMnnukTittr 
AND  Baromeixic  Fkessuke  AT  Sea  Lkvil 

Gas  /T/f"' 
X  h  Volume 


Oxygen    2093 

Nitrogen  .  7810 

Carbon  dioxide   qm 

Argon   ^ "    ^ ; 

Helimii,  krypton,  neon,  ozone,  etc   traces 


At  the  present  time,  it  ai:.i>ears  that  of  all  the 
gases  that  have  been  identified  in  the  air,  only  two 
are  of  importance  from  the  standpoint  of  re^)ira- 
tion :  oxygen,  and  carbon  dioxide. 

This  belief  has  recently  been  questioned  by  a 
worker  at  one  of  our  middle-western  colleges, 
who  states  that  the  rare  gases  which  were  previ- 
ously thought  to  be  inert  really  are  of  vital  im- 
portance. He  contends,  and  supports  his  conten- 
tions with  the  results  of  animal  exix^rimentation, 
that  life  is  not  ^  supported  by  atmospheres  that 
are  too  pure.  Animals  exposed  to  a  mixture  of 
purified  oxygen,  nitrc^  and  carbon  dioxide,  in 
the  same  propcMtions  as  they  exist  in  nature  did 
not  survive  as  weU  as  did  the  contnJ  animab'tioit 
were  exposed  to  ordinary  air.  The  suggestion 
warrants,  and  will,  have,  further  consideratioii. 

Nitrogen,  which  conq>rises  rot^^  foor-fifdis 
of  the  total  volume,  seems  to  be  present  sin^y  as 
a  diluent,  because  its  concentration  is  undianged 
in  the  breatliing  process,  whereas  the  proportions 
of  oxygen  and  carlx)n  dioxide  undergo  vast 
changes.  This  fact  is  shown  by  the  comparison 
of  the  analyses  of  inspired  and  expired  air.  whidl 
under  normal  conditions  would  give  reiults  ap- 
proximately as  shown  in  Table  II. 
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Table  II 

cohpausons  of  the  chemical  composition  of  alr 
Before  and  After  Respiration 

Percent  by  Volume 
Inspired  Expired 
Qas  -^'^ 

Oxygen    20S3  160 

Carbon  dioxide    0.^  5.0 

Nitrogen,  argon,  etc   79.04  79.0 

It  is  not  the  purpose  of  this  paper  to  discuss 
the  physiology  of  respiration,  and  we  will  dismiss 
this  phase  of  the  subject  with  the  statement  that 
unless  the  concentrations  of  oxygen  and  carbon 
dioxide  in  the  air  depart  markedly  from  the  ncff- 
mal,  and  approach  or  even  exceed  tfie  figures 
given  for  eqrired  air— conditi<Mis  which  are 
rardy  met,  and  nev^  in  &e  course  of  an  ordinary 
Hfe-^here  appears  to  be  little,  if  any,  relationship 
between  the  chemical  composition  of  tfie  air  and 
physioli^cal  reactions. 

This  fact  was  brought  out  strikingly  in  an  in- 
vestigation conducted  a  number  of  years  ago  m 
London  by  Leonard  Hill  and  his  associates.  Hill 
repeated  and  supplemented  studies  that  had  earlier 
been  made  independently  on  the  continent  by 
Flugge  and  Hermans  and  their  co-workers.  In 
these  studies  by  Hill,  men  were  enclosed  in  a 
hermetically  sealed  chamber  and  kept  there  for 
hours.  Provisions  were  made  for  renewing  the 
air  at  a  predetermined  rate,  or  not  at  all;  for 
stirring  it  up  with  electric  fans;  for  heating,  cool- 
ing and  humidifying  it ;  and  for  the  gradual  or 
sudden  introduction  of  large  quantities  of  carbon 
dioxide. 

As  far  as  the  chemical  composition  of  the  air 
was  ccmcemed,  no  effect  was  noticed  by  the  sub- 
jects even  when  the  concentration  of  carbon  diox- 
ide was  suddenly  increased  from  normal  to  2%. 
At  3% — ^100  times  normal  concentration— slightly 
deeper  breathing  occurred  but  no  other  efifect  was 
noticed.  At  one  stage  of  the  investigation,  the 
air  in  the  chamber  was  so  depicted  of  oxygen  that 
when  the  subjects  wanted  to  smoke,  their  matches 
would  not  light,  but  they  had  suffered  no  dis- 
ccmifort  whatever,  and  were  not  aware  that  any 
change  had  taken  place. 

•  Before  leaving  entirely  the  matter  of  the  diemi- 
cal  composition  of  the  air  and  its  relative  impor- 
tance, it  is  not  impossible  that  in  reaching  their 
conclusions,  the  criteria  adopted  by  these  workers 
were  not  entirely  appropriate  nor  the  measure- 
ments sufficiendy  predse  to  detect  harmful  effects 
that  actually  did  exist  AUkh  it  is  well  to  reflect 
tJiat  sudi  studies  as  have  been  made  with  human 
subjects  have  lasted  otHy  a  few  hours  at  a  ttaie. 


The  apparent  ability  of  the  human  being  to  with- 
stand other  than  normal  concentrations  of  atmos- 
pheric gases  for  brief  periods,  in  no  way  war- 
rants  the  assumption  that  prolonged  cm:  repeated 
exposure  to  abnormal  mixtures  would  turn  out  to 
be  equally  harmless. 

This  brii^  us  to  the  second  phase  of  air  and 
its  relation  to  healtb-nsi  consideration  of  its  physi- 
cal factors,  of  temperatture,  humidity  and  motion. 
In  these  same  experiments  of  Hill's  it  was  found 
that  as  the  temperature  and  humidity  rose  in  the 
chamber,  the  men  became  uncomfortable ;  their 
pulse  rates  and  body  temperatures  rose  until  the 
conditicm  became  almost  insupportable.  The  con- 
dition was  immediately  relieved  when  the  fans 
were  turned  on,  and  became  almost  as  suddenly 
unbearable  when  they  were  turned  off  again.  One 
of  the  subjects  breathing  air  from  outside  the 
chamber  through  a  tube  experienced  the  same  dis- 
comfort as  his  fellows,  while  Dr.  Hill,  outside  the 
chamber  and  breathing  the  air  from  within,  suf- 
fered no  discomfort  whatever. 

These  experiments  led  to  the  conclusions  that 
have  been  succinctly  summarized  by  Professor 
Frederic  S.  Lee,  as  follows:  'The  ordinary 
problems  of  ventilation  are  physical  and  cutaneous 
rather  than  chenucal  and  pulmcmary.'' 

With  these  facts  apparently  established  on  a 
scientific  basis,  the  American  Society  of  Heating 
and  Ventilating  Engineers  in  1922  inaugurated  a 
series  of  investigations  in  collaboration  with  the 
United  States  Bureau  of  Mines  and  the  United 
States  PubUc  Health  Service,  to  determine  the 
comparative  effects  of  various  combinations  of 
temperature,  humidity  and  motion  of  the  air  on 
physiological  reactions  in  human  subjects.  The 
work  is  still  in  progress,  but  the  results  of  many 
important  phases  of  the  subject  have  been  de- 
scribed in  papers  by  Dr.  W.  J.  McConnell,  and 
Messrs.  F.  C.  Houghten,  C.  P.  Yaglou  and  others, 
published  in  the  Annual  Transactions  of  the  So- 
ciety. 

In  the  Society's  Research  Laboratory  at  the 
Pittsburgh  Experiment  Station  of  the  United 
States  Bureau  of  Mines,  a  special  room  was  con- 
structed on  the  principle  of  a  large  refrigerator, 
so  that  the  effects  of  outside  conditions  might  be 
entirely  eliminated,  and  it  was  equipped  with  ap- 
paratus that  would  maintain  a  constant  supply  of 
air  at  any  desired  temperature  from  below  freez- 
ing to  above  160°  F.;  at  any  desired  relative 
humidity,  from  practically  none  to  100%,  and  at 
any  desired  velocity  between  still  air  and  700  feet 
per  miitutte* 


Comfort  Depends  on  the  Physical  Qualities  of.  Air 


IN  the  previous  article,  it  was  shown  that  the 
physical  factors  of  the  atmosphere  are  ordi- 
narily  of  more  importance  than  any  possible 
variation  in  its  chemical  composition.  Note  the 
word  "ordinarily."  There  are,  in  industry,  chem- 
ical hazards  which  no  adjustment  of  the  physical 
condition  of  the  atmosphere  could  compensate, 
but  those  are  matters  out  of  the  ordinary,  and 
outside  the  scope  of  this  discussion. 

It  was  shown  that  for  the  relatively  brief  dura- 
tion of  the  laboratory  experinwits,  discomfort 
and  general  dissatisfaction  with  air  omditicms 
vary  with  the  tenq)erature,  humidity  and  motion 
of  the  air  and  not  with  the  ^ght  chemical 
dianges  that  take  place  in  the  ait  of  a  room  due 
to  the  resjttration  of  its  occupants.  As  a  general 
rule,  however,  it  would  seem  logical  that  we 
should  teeathe  only  the  cleanest  air  and  that 
which  most  nearly  craipares  in  chemical  compo- 
sition with  the  imcontaminated  air  of  the  open 
spaces.  Otherwise,  doubtless,  we  should  have 
evolved  along  different  lines. 

Even  before  the  investigations  were  com- 
menced at  the  Pittsburgh  Research  Laboratory 
of  the  American  Society  of  Heating  and  Ven- 
tilating Engineers  to  determine  the  exact  influ- 
ence of  each  of  these  physical  factors,  it  was 
recognized  that  under  identical  temperatures  as 
registered  on  a  dry  bulb  thermometer,  the  air 
condition  felt  different  at  different  times.  ^  One 
cause  of  this  was  known  to  be  the  fluctuation  in 
the  amount  of  water  vapor,  and  this  served  as 
the  basis  for  tiie  well-known  expressicm:  *'It's 
not  the  heat;  it's  tiie  hunudity!"  It  had  also 
been  observed  that  a  temperature  that  seemed 
perfectiy  comfortable  in  still  air  felt  unc^n^ 
fortably  cool  when  a  breeze  was  blowing,  or  tem- 
pmtures  that  were  uncomfortably  warm  in  still 
air  were  perfectiy  agreeable  with  a  breeze. 

Not  many. of  us  check  thermometer  readings 
against  our  sense  of  comfort,  but  should  this  be 
done  systematically,  the  results  would  be  found 
in  accordance  with  these  observations.  The  dry- 
bulb  temperature  then  is  by  no  means  always  a 
completely  satisfactory  indicator.  The  relative 
humidity  of  the  air  and  its  velocity  help  to  deter- 
mine, with  the  temperature,  whether  any  air  con- 
dition is  comfortable  or  not.  The  matter  is  still 
further  complicated  by  the  amount  of  physical 
work  that  is  being  performed,  by  the  quantify 


and  quality  of  the  clothing  worn,  by  acclimatiza- 
tion, and  finally — or  at  least  we  now  think  it  is 
final — ^the   temperature   of  the   enclosing  wall 

surfaces. 

It  should  be  fairly  clear  from  this  that  con- 
ditioning air  for  comfort  is  by  no  means  a  simple 
matter;  it  is,  on  the  contrary,  a  highly  technical 
and  complicated  one.  But  I  am  getting  ahead 
of  my  story! 

After  a  series  of  preliminary  studies  to  deter- 
mine the  appropriateness  of  the  technique  and 
the  suitabilky  of  the  appanitos  and  the  criteria, 
Messrs.  Hougfaten,  Yaglou  and  Dr.  M<Conaell 
made  a  most  elaborate  investigation  to  determine 
the  combinations  of  temperature,  hmmdtty  an4 
motion  of  the  air  that  gave  the  same  sense  of 
comfort  to  three  or  four  adtdt  male  subjects.  A 
view  in  one  of  the  rooms  during  these  tests  i« 
shown  in  Figure  1. 

The  tests  were  made  by  setting  up  a  clearly 
defined  condition  in  one  of  the  two  test  chamj- 
bers,  and  varying  the  temperature,  humidity  or 
motion  of  the  air  in  the  other — according  to  the 
factor  that  was  the  special  object  of  study — until 
the  conditions  in  the  two  rooms  felt  equally  com- 
fortable. 

Similar  tests  were  made  with  a  large  mixed 
group  in  still  air.  Some  of  the  people  who  parr 
ticipated  in  this  study  are  s^wn  in  Figure  ^. 
The  results  were  tabulated  and  plotted  cm 
psychrom^ric  chart,  as  shown  in  Figure  3.  It 
looks  rather  complkated,  but  a  fittle  study  wiH 
show  that  it  is  really  fairfy  simple.  Across  tiie 
bottom  of  tiie  chart  on  the  horisxmtal  scale  are 
ranged  the  dry  bidb*  temperatures  from  30** 
to  120**  R  On  tiie  vertical  scale  are  indicated 
amounts  of  water  vapor  per  potmd  of  dry  air. 

The  uppermost  curve  on  the  chart  shows,  by 
reference  to  the  scale  at  the  right,  the  grains  of 
water  vapor  in  the  space  occupied  by  a  ix>und  of 
dry  air  when  the  space  is  saturated  at  the  dry 
bulb  temperatures  indicated  on  the  horizontal 
scale.  Strictly  speaking,  air  does  not  contain 
water  vapor;  the  two  occupy  the  same  space  at 
the  same  time.  For  example,  at  the  left  hand 
edge  of  the  chart,  we  see  that  at  30°  F.,  at  satu- 

Tbe  dtr  haSb  temperature  is  the  tempentttre  recorded  hj  the 
erd^uuT  type  of  thermometer.  There  are  good  and  bad  tfacr- 
BMWuetei-a,  ^d  a  bad  one  H  no  good.  Temperature  nbtcnitfWM 
dmdd  ^ahwt  be^made  wtth  care  to  we  Ifcat  tk^r  are  feee  hm 
Ae  lalflcnce  of  mtiban  wool  womd  gm  crnwaow  MMMli^ 
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ration,  there  are  about  25  grains  of  water  Vapor 
per  pound  of  dry  air;  at  70%  following  the  upper 
curved  line  of  the  chart,  and  referring  to  the 
quantities  indicated  at  the  left,  there  are  115 
grains — almost  five  times  as  much — at  saturation. 
From  the  other  curbed  lines,  it  is  possible  to  de- 
termine the  quantity  of  water  vapor  for  any 
degree  of  saturaticm^relative  humidity  (^)— 
and  any  dry  bulb  temperature  within  the  limits 
of  the  chart. 

In  additicm  to  the  vertical  and  the  curved  Imes, 
there  are  two  sets  of  straight  lines  that  have  a 
ccmimon  origin  with  the  dry  bulb  line  in  the 

(')  The  relative  humidity  is  the  ratio  of  the  actual  amount  of 
water  vapor  in  «m  to  the  amount  It  oovdd  cml^  at  ttat 
temperature. 


saturation  curve  —  I00%  relative  humidity. 
These  two  sets  of  lines  are  the  "wet  bulb  tem- 
perature'' (^)  and  (^)  the  "effective  tempera- 
ture" lines,  respectively.  While  the  former  is  of 
importance  in  making  determinations  of  the 
"relative  humidity"  and  "effective  temperatures" 
from  observations  with  a  sling  psychr<mieter»  it 
is  the  "effective  temperature"  line  in  which  we 
are  particularly  inteiested. 


(*)  The  wet  bulb  temperature  is  the  temperature  obtained  fey 
whirling  a  thermometer  the  bulb  of  which  is  covered  with  a  vnxlk^ 
moistened  in  distilled  water.  The  wet  bulb  depression,  the  diffci- 
ence  between  the  dry  bulb  and  wet  bulb  temperatures  taken  under 
these  conditiont  it  a  fnnctioii  of  the  rdatrre  hnnidllar  of  tiie 
atmosphere. 

(')  The  eflfective  temperature  is  the  temperature  of  stiO  air  at 
saturation,  which  gives  the  sane  sense  of  comfort  as  anar  oAer 
combination  of  temperature,  hnmidity  and  air  notioii. 


Fig»t9  1— VIEW  IN  TEST  ROOM  DURING  THE  PRELIMINARY  STUDIES.    niYSIOLOGICAL  REACTIONS 
WBR£  RECORDED  FOR  ALL  THE  SUBJECTS  UNDER  THE  VASIOUS  ATMOSPHERIC  CONDlTtONS 
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■  These  workers  in  the  Society's  Research  Lab- 
oratory deterniined  that  under  the  test  conditions, 
any  combination  of  temperature  and  huoiidity 
iailing  on  the  same  effective  temperature  line 
was  equally  c<Mnfortable.  Taking  the  65**  ef^ 
fective  temperature  line,  for  example,  because  it 
is  plainly  marked,  it  will  be  Scot  that  the  fol- 
lowing, conditions  were  found  to  be  equally  oxn- 
fortatde  for  persons  normaUy-ck^hed  and 
sl^hdy-actiTe,  in  still  air* 

Table  III 

Combinations  of  Dry  Bulb  Temperature  and  Relative 
Humidity  Corresponding  to  Effective 
Temperature  65**  F, 


BryBiOh 

Relative 

Temierahtre 
65.0 

Humidity'* 
100 

65.8 

90 

66.6 

80 

67.4 

70 

682 

60 

69.0 

50 

69.8 

40 

70.6 

30 

71.4 

20 

722 

10 

73.0 

0 

In  other  words,  the  average  normally-dothed, 
slightly-active  adidt  would  fed  equally  comfort- 
able while  the  .  dry  bulb  temperature  varied  over 
8  degrees,  provided  the  air  were  practically  still 
and  appropriate  adjustment  were  made  in  the 
relative  humidity.  This  shows  clearly  that  the 
ordinary  thermometer,  even  if  it  is  accurate,  is 
not  a  reliable  guide  to  comfort.  It  shows  why 
a  normal  person  may  feel  either  too  hot.  too 
cool,  or  just  right  when  the  thermometer  indi- 
cates that  the  air  temperature  is  68°  or  69°. 
Because  relative  humidities  only  rarely  go  so 
low  as  10%  or  15%  it  suggests  that  tempera- 
tures much  above  72**,  unless  there  is  a  breeze, 
are  generally  not  desirable,  and  at  the  other  end 
of  the  scale,  because  humidities  are  always  below 
saturation,  why  ordinarily  clothed  individuals,  at 
rest,  will  generally  find  an  air  temperature  of 
65°  uncomfortably  cool. 

Of  course,  it  must  not  be  expected  that  tiicse 
merage  conditions  will  be  suitable  for  every  indi- 
vidual all  the  time.  Allowance  must  be  made  for 
personal  idiosyncraries.  for  differences  in  cloth- 
ing habits,  and  lor  aoclimatizaticm.  Elderly  per- 
sons and  ofhars  whose  neuro-vascular  sjrstems  do 
not  respond  nonnally  to  temperature  dianges 
may  ccmstantiy  require  higher  temperatures  than 
are  c(»nf orldde  for  most  of  us.  The  traditional 


Briton,  living  in  his  stone  or  brick  house,  heated 
orJy  by  open  fireplaces,  wears  heavy  woolens 
and  appears  to  survive  in  temperature  .of  55* 
to  SO"*  F.,  at  least  as  well  as  do  the  reddents  of 
the  United  States,  who  doubdess  wear  less  and 
lighter  clothing,  but  feel  that  they  must  have  in- 
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Figure  2— SOME  OF  THE  PERSONS  WHO  PARTICIPATED 
IN  THE  STUDIES  OF  "EFFECTIVE  TSMPERATURE" 
AND  THE  "COMFORT  ZONE"  AT  THE  RESEARCH 
LABORATORY   OF   THE    AMERICAN    SOCIETY  OF 
HEATING  AND  VENTILATING  ENGINEERS 

door  temperatures  of  68**,  70"*  or  72"*  in  the 
winter  time. 

The  fact  that  we  appear  to  get  along  and  fed 
comfortable  in  the  summer  time  at  much  higher 
temperatures  than  we  enjoy  in  the  winter  is  ex- 
plained by  the  fact  that  we  slowly  become  ac- 
climatized— accustomed  to  higher  temperatures. 
At  such  times,  an  air  temperature  of  68**  or  70° 
which  feels  all  right  in  the  winter  time,  may 
cause  a  distinct  shock.  On  the  hottest  day  in 
the  summer  of  1930,  I  went  into  one  of  the 
movie  palaces  in  New  York,  as  much  to  get 
cooled  ofiF,  as  for  the  show.  The  temperature 
in  the  lobby  was  76°,  whereas  on  the  street  it 
had  been  100°  or  more.  For  the  first  ten  or 
fifteen  minutes,  I  was  so  cold  that  I  thought  I'd 
be  forced  to  leave,  but  the  longer  I  remained  the 
more  comfortable  I  became,  and  I  greatly  re- 
gretted leaving  when  the  program  was  over. 

This  is  hardly  the  place  for  a  recital  of  per- 
sonal experiences  and,  as  Kipling  did  in  La  Nuii 
Blanche^,  I  most  emfjiatically  deny  that  the  fol- 
lowing observation  is  based  on  an3rthing  tiiat  has 
actually  happened  to  me.  I  venture  to  suggest, 
however,  that  family  arguments  may  frequoitly 
have  their  origins  in  the  diflFerent  reactions  to 
the  air  conditions  in  the  home,  of  the  lady  of 
the  house  and  her  spouse. 

Scientists,  who  are  interested  in  the  problem, 
have  counted  and  weighed  the  articles  of  cloth- 
ing worn  by  men  and  women.  Their  investiga- 
tions have  confirmed  opinions  based  on  casual 


INTENTIONAL  SECOND  EXPOSURE 


ration,  there  are  about  25  -rains  of  Water  vapor 
per  pound  of  dry  air;  at  70\  following  the  upper 
curved  line  of  the  chart,  and  referring  to  the 
quantities  indicated  at  the  left,  there  are  115 
grains— almost  five  times  as  much — at  saturation. 
From  the  other  curved  lines,  it  is  possiMe  to  de- 
termine the  quantity  of  water  vapor  for  any 
degree  of  saturationr— relative  humidity  (^)— 
and  any  dry  bulb  temperature  wtOin  the  Ifanits 

of  the  chart. 

In  addition  to  the  vertical  and  the  curved  lines, 
there  are  two  sets  of  straight  lines  that  have  a 
common  origin  with  the  dry  bulb  line  in  the 

0)  The  relative  humidity  is  the  ratio,  of  the  actual  aawunt  of 
water  vapor  in  «p8ce  to  the  amount  it  cooM  coatasn  at  lliat 
temperature. 


saturation  curve  —  lOO%  relative  hunnclify. 
These  two  sets  of  lines  are  the  "wet  bulb  tem- 
perature" (^')  and  (^)  the  "effective  tempera- 
ttu-e"  lines,  respectively.  While  the  former  is  of 
importance  in  making  determinations  of  the 
"relative  humidity"  and  "effective  temperatures" 
from  observations  with  a  shng  psychrometer,  it 
is  the  "effective  temperature"  line  in  which  we 
are  particularly  interested. 


(")  The  wet  bulb  temperature  is  the  temperature  obtained  by 
whirling  a  thermometer  the  bulb  of  which  is  covered  with  a  widc> 
moistened  in  distilled  water.  The  wet  bulb  depression,  the  diffb-'- 
ence  between  the  dry  bulb  and  wet  bulb  temperatures  taken  under 
these  conditions  is  a  fonction  of  the  relative  liua^di^  tibe 
atmosphere. 

(^)  The  effective  temperature  is  the  temperature  of  still  air  at 
Batnration,  which  gives  the  same  sense  of  comfort  u  any  other 
combination  of  temperature,  humidity  and  air  motion. 


Figure  1— VIEW  IN  TEST  ROOM  DURING  THE  PRELIMINARY  STUDIES.    rHYSIOLOGlCAL  REACTIONS 
WERE  RECORDED  FOR  ALL  THE  SUBJECTS  UHDER  THE  VARIOUS  ATMOSPHERIC  CONDITIONS 


These  workers  in  the  Society's  Res^uxh  Lab- 
oratory determiued  that  under  the  test  conditi<ms, 
any  combinaticm  of  temperature  and  humidity 
falling  on  the  same  eflFective  temperature  line 
was  equally  comfortable.  Taking  the  65**  ef- 
fective temperature  line,  for  example,  because  it 
is  plainly  marked,  it  will  be  seen  that  the  fol- 
lowing conditions  were  found  to  be  equally  com- 
fortable for  persons  normally-clothed  and 
slightly-active,  in  still  air. 

Table  III 

Combinations  of  Dry  Bulb  Temperature  and  Relati\-e 
Humidity  Corresponding  to  Effective 
Temperature  65"  F. 


Dry  Bulb 

Relatit^ 

Temperature 

Humidit^f* 

65.0 

100 

65.8 

90 

66.6 

80 

67.4 

70 

682 

60 

69.0 

50 

69.8 

40 

70.6 

30 

71.4 

20 

72.2 

10 

73.0 

0 

*  Percent  of  Saturation. 

In  Other  words,  the  average  normally-clothed, 
slightly-active  adult  would  feel  equally  comfort- 
able while  the  dry  bulb  temperature  varied  over 
8  degrees,  provided  the  air  were  practically  still 
and  appropriate  adjustment  were  made  in  the 
relative  humidity.  This  shows  clearly  that  the 
ordinary  thermometer,  even  if  it  is  accurate,  is 
not  a  reliable  s^uide  to  comfort.  It  shows  why 
a  normal  person  may  feel  either  too  hot.  too 
cool,  or  just  ri.2:ht  when  the  thermometer  indi- 
cates that  the  air  temperature  is  68°  or  69**, 
Because  relative  humidities  only  rarely  go  so 
low  as  10%  or  15%  it  suggests  that  tempera- 
tures much  above  72°,  unless  there  is  a  breeze, 
are  generally  not  desirable,  and  at  the  other  end 
of  the  scale,  because  humidities  are  always  below 
saturation,  why  ordinarily  clothed  individuals,  at 
rest,  will  generally  find  an  air  temperature  of 
65*  uncomfortably  cool. 

Of  course,  it  must  not  be  expected  that  these 
average  conditions  will  be  suitable  for  every  indi- 
vidual all  the  time.  Allowance  must  be  made  for 
personal  idiosyncrasies,  for  differences  in  cloth- 
ing habits,  and  for  acclimatization.  Elderly  per- 
sons and  others  whose  neuro  vascular  systems  do 
not  respcmd  normally  to  temperature  changes 
may  constantly  require  higher  temi^ratures  than 
are  onnfortable  for  most  of  us.   The  traditional 


Briton,  living  in  bis  stone  or  brick  house,  heated 
osAy  by  open  fireplaces,  wears  heavy  woolens 
and  appears  to  «irvive  in  temperature  of  55" 
to  60*  R,  at  least  as  well  as  do  the  residents  of 
the  United  States,  who  doubtless  wear  less  and 
lighter  clothing,  but  fed  that  they  must  have  in- 


Fi-HTc  2— SOME  OF  THE  PERSONS  WHO  PARTICIPATED 
IN  THE  STUDIES  OF  "EFFECTIVE  TEMPERATURE" 
AND  THE  "COMFORT   ZONE"  AT  THE  RESEARCH 
LABORATORY    OF    THE    AMERICAN    SOCIETY  OF 
HEATING  AND  VENTILATING  ENGINEERS 


door  temperatures  of  68%  70**  or  72**  in  the 
winter  time. 

The  fact  that  we  appear  to  get  along  and  feel 
comfortable  in  the  summer  time  at  much  higher 
temperatures  than  we  enjoy  in  the  winter  is  ex- 
plained by  the  fact  that  we  slowly  become  ac- 
climatized— accustomed  to  higher  temperatures. 
At  such  times,  an  air  temperature  of  68°  or  70° 
which  feels  all  right  in  the  winter  time,  may 
cause  a  distinct  shock.  On  the  hottest  day  in 
the  summer  of  1930,  I  went  into  one  of  the 
movie  palaces  in  New  York,  as  much  to  get 
cooled  off,  as  for  the  show.  The  temperature 
in  the  lobby  was  76**,  whereas  on  the  street  it 
had  been  100*  or  more.  For  the  &st  ten  or 
fifteen  minutes,  I  was  so  cold  that  I  thought  I'd 
be  forced  to  leave,  but  the  longer  I  ranained  the 
more  comfortable  I  became*  and  I  greatly  re- 
gretted leaving  virhen  the  program  was  over. 

This  is  hardly  the  place  for  a  recital  of  |)er- 
sonal  experiences  and,  as  Kipling  did  in  La  Kuit 
Blanche,  I  most  emphatically  deny  that  the  fol- 
lowing observation  is  based  on  anything  that  has 
actually  happened  to  me,  I  venture  to  suggest, 
however,  that  family  arguments  may  frequently 
have  their  origins  in  the  different  reactions  to 
the  air  conditions  in  the  home,  of  the  lady  of 
the  liouse  and  her  spouse. 

Scientists,  who  are  interested  in  the  problem, 
have  counted  and  weighed  the  articles  of  cloth- 
ing worn  hy  men  and  women.  Their  investiga- 
tions have  confirmed  opinions  based  on  casual 


observations  to  the  effect  that  the  clothing  of 
the  average  adult  human  female  in  the  United 
states  weighs  about  one-third  of  that  worn  by 
her  husband.  Is  it  any  wonder  then  that  a  man 
in  the  average  coat,  vest,  shirt  and  undershirt, 
to  name  merely  those  articles  above  his  waist, 
will  be  hot  and  bothered  in  a  temperature  per- 
fectly comfortable  for  his  wife,  obviously— with- 
out going  into  details-^ore  sensibly  dad? 

One  further  bit  of  scientific  evidence  may  be 
adduced  to  explain,  if  not  excuse,  the  irritability 
of  the  male,  and  for  such  value  as  it  may  have, 
I  pass  it  along.  It  has  been  one  of  the  consist- 
ently outstanding  by-products  of  all  the  studies 
of  the  effects  of  air  conditions  on  man  that  as 
the  temperature  increases,  ire  likewise  rises. 
Professor  Leonard  Hill  reported  that  subjects 
entered  the  test  chamber  laughing  and  chatting, 
but  as  the  temperature  rose  they  ceased  to  talk 
to  each  other.  In  the  Pittsburgh  studies  at  the 
Research  Laboratory  of  the  American  Society 
of  Heating  and  Ventilating  Engineers,  even 


more  extreme  reactions  of  this  sort  were  noted 
by  Dr.  W.  J.  McConnell,  who  not  only  conducted 
those  studies,  but  participated  in  them  as  wd). 

Might  it  not,  then,  be  the  part  of  wisdom  to 
maintain  a  cool  atmosphere  in  the  home  and  thus 
avoid  the  underlying  conditions  which  cause 
irritability  rather  than  to  admoni^  the  tempery 
male  to  "keep  cool !"  in  a  temperature  of  80''  ? 

A  further  consideration  shows  why,  in  the 
absence  of  artifidal  humidification,  higher  tem- 
peratures are  usually  required  for  comfort  in 
the  winter  time  than  in  summer.  Starting  at 
the  left  hand  edge  of  the  chart  we  see  that  even 
if  we  have  saturation  in  the  outdoor  air  at  30 
degrees,  we  have  but  25  grains  of  moisture  per 
pound  of  air.  When  this  air  is  heated  to  70 
degrees,  it  expands  and  although  saturated  at 
the  outdoor  temperature,  its  relative  humidity  at 
70  degrees  is  but  25  per  cent.  From  the  above 
table  it  is  evident,  by  interpolation,  that  a  tem- 
perature of  approximately  71  degrees  is  neces- 
sary to  produce  the  same  degree  of  comfort  as 


OifnuffkMi  Saeitty  of  HMtOktg  mid  VttuUatmg  Bngimetrs,    Vnd  fry  PmnjcifM. 

imm  3-FSYCHROMETIUC  COAKT  WITH  EFFECTIVE  TEMPERATXmE  UNES  FOR  STUJU  AIRI 
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wotild  have  been  enjoyed  at  65  d^;rees  if  the  aur 
were  humidified  to  saturation,  or  at  69  d^ees 
if  the  relative  humidity  were  50  per  cent. 

Incidentally  this  condition  of  65  degrees 
"effertive  temperature"  was  found  to  be  the  most 
g^ieially  comfortable  for  the  hundreds  of  sub- 
jects who  were  employed  in  the  tests.  Other 
charts  present  data  for  various  rates  of  air 
motion,  but  the  chart  shown  in  Figure  3  is  the 
one  most  frequently  used,  because  higher  air 
velocities  than  those  on  which  this  chart  was 
based  are  not  ordinarily  experienced  in  homes. 


schocds  and  dfices  where  comfort  is  desired, 
Summarizing  this  paper,  the  dry  bulb  tempera- 
ture alone  is  not  a  sufficient  indicator  of  com- 
fortable air  conditions ;  the  relative  humidity  and 
air  velocity  must  also  be  known  in  order  that  the 
''eflFective  temperature"  may  be  determined. 
Physiological  reactions  have  been  shown  to  be 
more  closely  associated  with  "effective  tempera- 
tures" than^  with  either  the  dry  bulb  or  the  wet 
bulb  temperature  alone,  but  that  equally  com- 
fortable conditions  are  equally  healthful  is  yet 
to  be  determined. 


Control  of  the  Physical  F 

BEFORE  advancing  too  far  with  this  dis- 
cussion, we  should  understand  dearly  what 
we  mean  by  health.  In  the  preface  to  his 
recent  book.  The  Diagnosis  of  Health,  Dr- 
William  R,  P.  Emerson,  Professor  of  Pediatrics, 
Tufts  College  Medical  School,  state*  that  .  . 
ideas  regarding  health  remain  matters  of  opinion 
rather  than  the  results  of  careful  investigation." 

In  the  opening  paragraphs  on  page  3  of  the 
same  book,  he  continues:  "The  v/ord  health  is 
generally  accepted  to  mean  a  condition  of  body 
free  from  physical  disease.  By  disease  is  meant 
any  departure  from  health  presenting  marked 
symptoms.  Thus  we  see  that  health  is  a  relative 
term." 

Health  is  defined  in  terms  of  disease  and  per- 
haps we  can  do  no  better  than  to  consider  the 
influence  of  air  conditions  on  the  welfare  of  per- 
sons suffering  from  certain  recc^ized  diseases. 
To  this  discussion  may  be  added  a  consideration 
of  the  physiological  reactions  in  normal  individu- 
als as  a  result  of  variations  of  the  physical  fac- 
tors of  the  atmosphet^— the  temperature,  hu- 
midity and  motion  of  the  air. 

Volumes  have  been  written  on  these  subjects. 
Bigger  and  better  ones  will  doubtless  follow,  but 
this  is  not  destined  to  be  one  of  them,  and  the 
difficulty  lies  in  trying  to  tell  so  much  in  so  little 
space.  However,  let  it  be  clearly  understood 
tiiat  we  are  omitting  from  this  further  discussion 
all  reference  to  the  chemical  composition  of  the 
air.  It  is  assumed  that  everyone  knows  that  the 
poUuticm  of  the  atmosphere  by  smoke,  soot  and 
poisonous  gases  from  the  chimneys  of  our  mdus- 
trial  plants  ought  to  be  stopped. 

A  Dutch  investigator  has  reported  that  sufter- 
era  from  hay-fever  and  some  other  forms  of 


ictors  of  the  Atmosphere 

protein  sensitivity  have  been  able  to  keep  at  work 
regularly  during  the  period  of  prevalence  of  the 
particular  pollen  or  other  agency  which  ordi- 
narily caused  distress,  by  sleepinij  three  or  more 
nights  per  w^eek  in  a  dust-free  atmosphere,  of 
which  the  temperature,  relative  humidity  and 
rate  of  chan£:;e  were  mechanically  controlled. 
The  relief  afforded  by  untroubled  rest  and  by 
the  soothing  effect  on  the  membranes  of  the 
respiratory  tract  by  the  cool,  dust-free  air  at  a 
favorable  relative  humidity,  so  benefited  these 
sufferers  that  as  long  as  they  continued  the  pre- 
scribed course  of  exposure  to  cleaned,  controlled 
atmospheres  at  night,  they  were  free  from  symp- 
toms even  though  they  oHitinued  to  conduct  tiicir 
affairs  in  a  normal  manner  during  the  daytime. 

Although  the  science  of  air-ocmditioning  is 
further  advanced  in  the  United  States  tiian  in 
any  other  nation  on  tite  face  of  the  globe,  and 
instellations  of  apparatus  of  American  design 
and  manufacture  are  to  be  found  in  the  Far  East, 
India,  South  Africa  and  South  America  as  well 
as  in  all  the  larger  European  countries,  medical 
men  in  the  United  States  appear  to  have  lagged 
behind  their  confreres  in  other  countries  in  tak- 
ing advantage  of  the  benefits  offered  by  scien- 
tifically manufactured  atmospheres.  This  may 
he  due  in  part  at  least  to  the  publicity  given  the 
faulty  conclusions  of  a  group  of  American  inves- 
tigators, who  neglected,  in  setting  up  their  stud- 
ies of  the  effects  of  different  methods  of  school 
ventilation  on  the  health  of  the  pupils,  on  the 
one  hand,  to  determine  either  the  appropriateness 
or  objectivity  of  the  criterion  they  used,  and  on 
the  other  to  make  certain  that  comparable  groups 
of  pupils  were  exposed  to  the  different  conditicms 
under  investigation.   Their  findings  appeared  to 


condemd  mechanical  ventilation,  whereas  a  scien- 
tific consideration  of  lie  very  data  they  collected 
and  a  repetition  of  the  experiments  on  a  larger 
scale,  with  carefully  balanced  groups,  showed 
clearly  that  there  was  no  valid  baas  for  such  a 
conclusicm. 

There  is,  however,  a  distinct  tendency  among 
medical  men  in  the  United  States  today  to  give 
more  attention  to  the  therapeutic  value  of  me- 
chanically conditioned  air.  In  a  recent  issue  of 
Heating,  Piping  and  Air  Conditioning  (May, 
1930),  Dr.  Robert  F.  Morrison  presented  a 
paper  entitled  "Curing  Hay  Fever  with  Con- 
trolled Weather."   Among  other  things,  he  says: 

"Hay  fever  is  due,  as  has  been  seen,  to 

atmospheric  irritants  and,  as  the  present 
methods  of  treatment  are  largely  preventive 
it  seems  logical  to  conclude  that  controlled 
weather  affords  a  reasonable  means  of  treat- 
ing hay  fever.  Washed  air,  in  a  hospital, 
would  eliminate  all  dangers  from  irritants  in 
the  nature  of  dusts,  fumes  and,  to  a  consider- 


Figute  4— APPARATUS  USED  TO  MEASURE  BODY  TEM- 
PERATUXE  OF  SUBJECTS  IN  A  TEST  TO  DETERMINE 
FHYSIOLOGICAL   REACTIONS    TO    VARIOUS  ATUOS. 
PHERIC  CONDITIONS 


able  extent,  odors.  The  temperature  would 
be  uniform.  Drafts  would  give  place  to  fixed 
air  motion  which,  at  low  speeds,  is  hardly 


noticeable.  Best  of  all  the  temperature, 
humidity  and  air  motion  could  be  adjusted  to 
give  r^  hiunan  comfort  as  far  as  atmos- 
pheric conditions  are  concerned*  This  latter 
feature  would  mean  much  in  preventing 
fevers  and  in  maintainii^  nco'mal  condittons 
as  to  the  nerves."    .    .  . 

"Hay  fever,  as  can  be  readily  seen,  often  is 
due  to  physical  conditions  similar  to  those 
had  in  various  forms  of  sinus  diseases.  Many 
specialists    send    patients    with   the  latter 
trouble  to  high  altitudes.   At  the  same  time 
numbers  of  those  with  sinus  troubles  have 
been  greatly  benefited  by  living  at  tfie  sea- 
shcM^.   In  both  cases  the  pure  air  appears  to 
be  one  of  the  benefits  obtained  by  the  change. 
At  the  same  time  there  can  be  no  doubt  that 
the  higher  humidity  of  the  ocean  beach,  added 
to  the  small  amount  of  salt  in  the  air,  has  a 
healing^  effect  that  is  not  obtained  in  the 
mountains.    From  this  it  appears  evident 
that  hay  fever,  and  sinus  diseases  as  well, 
might  be  cured  by  air  conditioning  at  higher 
humidities  where  the  air  is  permitted  to  be- 
come the  carrier  of  a  predetermined  amount 
of  salt  or  some  other  healing  chemical." 
In  other  places,  other  medical  workers  have 
Ijeen  considering^  the  use  of  controlled  atmos- 
pheres in  the  treatment  of  pneumonia,  and  its 
effects  have  been  under  investigation  for  some 
months.    Others  have  been  testing  the  use  of 
air-conditioning  in  producing  fever,  where  such 
treatment  appears  to  be  indicated.   An  advanced 
tuberculosis  specialist  has  been  investigating  the 
possibility  of  equiiq)ing  an  experimental  room 
in  his  sanatorium.    Experiences  with  hay-fever 
suggest  that  tuberculous  patients  suffering  from 
similar  conditicms  might  be  relieved  and  per- 
mitted to  conserve  their  energy  for  their  major 
battle. 

But  we  should  not  dismiss  the  subject  of  hay- 
fever  and  similar  diseases  without  telling  the 
story  of  the  gentleman  from  San  Antonio.  It 
so  happens  that  that  progressive  Texas  city  has 
the  first  completely  air-conditioned  office  build- 
ing in  the  world.  The  gentleman  who  is  the  sub- 
ject of  this  story  had  been  for  years  a  sufferer 
from  hay-fever.  Just  as  he  was  beginning  to 
be  afflicted  in  the  summer  of  1929,  he  called  on 
one  of  his  clients  who  had  recently  taken  quar- 
ters in  this  modt  rn  building.  The  relief  he  en- 
joyed was  so  immediate  and  so  complete  that 
he  took  quarters  in  the  buildins:  later.  As  the  sum- 
mer heat  became  intense  and  his  business  would 
not  permit  him  to  stay  in  the  office  as  much  as 
necessary  during  business  hours,  he  installed  a 


10 


cot  in  the  office  and  spent  several  nights  there 
each  week.  For  the  lirst  time  in  years,  he  en- 
joyed freedom,  and  it  is  no  wonder  that  he  wrote 
such  a  letter  of  gratitude  to  the  man  whose  fun- 
damental work  formed  the  basis  on  which  the 
air-conditioning  system  had  been  developed. 

It  has  been  said,  although  1  have  these  re- 
ports at  second  hand,  so  to  speak,  that  the  man- 
agers of  air-conditioned  movie-houses  have  their 
troubles  in  the  summer  time  with  hay-fever  suf- 
ferers who  arrive  as  soon  as  the  doors  are  opened 
and  after  seeing  the  picture,  seek  out  the  best 
lighted  spots,  where,  with  paper  or  book,  they 
remain  until  they  have  to  go  ottt  for  meals,  or 
the  theatre  closes. 

Before  concluding  this  article  it  might  be  well 
to  turn  our  attention  again  for  a  moment  to  the 
podr  normal  human.  In  an  earlier  article,  it 
was  stated  that  the  investigations  of  the  Research 
Laboratory  of  the  American  Society  of  Heating 
and  Ventilating  Engineers  had  clearly  shown 
that  as  far  as  his  relation  to  his  atmospheric  en- 
vironment was  concerned,  man's  sense  of  comfort 
depended  on  the  combined  effect  of  the  tempera- 
ture, relative  humidity  and  motion  of  the  air  and 
on  the  temperature  of  the  enclosing  surfaces. 
From  the  standpoint  of  comfort,  there  appears 
to  be  no  reason  why  a  deficiency  in  humidity 
might  not  be  compensated  by  a  slightly  higher 
temperature,  or  why  the  unfavorable  effects  of 
high  temperatures  and  humidities  might  not  be 
overcome  by  a  higher  rate  of  air  motion. 

Although  the  sense  of  comfort  at  any  effec- 
tive temperature  is  the  same  regardless  of  the 
adjustment  of  the  several  factors  that  go  to  make 
that  ccmdition,  it  has  very  properly  been  asked, 
are  all  the  various  possible  combinations  of  tem- 
perature, humidity  and  air  motion  that  may 
comprise  any  ''effective  temperature,"  equally 
healthful  ?  More  specifically,  is  an  "effective 
temperature,"  with  very  low  relative  humidity  as 
healthful  as  the  same  effective  temperature  created 
by  a  slightly  higher  relative  humidity  and  slightly 
lower  temperature?  Some  have  said  that  the  ex- 
cessively low  relative  humidities  of  the  average 
home  in  the  northern  United  States  in  winter, 
have  caused  the  nasal  mucous  membranes  to  dry 
out,  thus  providing  a  portal  of  entry  for  organ- 
isms causing  common  colds  and  other  serious  dis- 
eases. But  there  is  no  scientific  evidence 
on  which  to  base  such  a  statement.  We 
know  that  furniture,  books  and  fabrics  de- 
teriorate in  dry  atmospheres.  If  there  were  no 
means  of  replenishing  the  natural  supply  of  mois- 


ture, nasal  mucous  membranes  might  do  the  same 
thing.  Then  if  anyone  really  knew  anything 
about  the  cause  of  the  common  cold,  whether  it 


Ftgure  5— AUTOMATICALL.V    RECORDING    ^ATE  AND 
CPIARACTER    OF    A    SUBJECT'S    Pl'T-SE    BE^T    IN  A 
STUDY  OF  THE  RELATION  OF  PHYSIOLOGICAL  REAC- 
TIONS TO  VARIOUS  ATMOSPHERIC  CONDITIONS 


is  infectious  or  not,  and,  if  so,  just  what  the 
method  of  infection  is,  it  niight  be  possible  to 
find  evidence  to  support  this  ccmtentioa.  The  mere 
fact  that  the  two  phenomena  occur  in  general  at 

(he  same  time  by  no  means  establishes  a  cause-and- 
effect  relationship  between  the  two.   Looking  at 

tbe  other  side  of  the  picture,  we  find  -^^^  sicians 
sending  their  patients  to  warm,  dry  cUmates  for 
(he  cure  of  some  respiratory  affections.  The 
whole  problem  needs  more  study,  and  the  Society 
of  Heating  and  \'entilating  Engineers  plans  to 
investigate  these  matters  in  the  near  future. 

^leanwhile.  we  know  that  for  normal  indi- 
v'iduals  physiological  reactions — body  temperature 
and  pulse  rate — vary  with  effective  temperatures 
and  not  directly  with  the  dry  bulb  temperature 
alone.    Figures  4  and  5  show  how  these  de- 


INTENTIONAL  SECOND  EXPOSURE 


condemn  mechanical  ventilation,  whereas  a  scien- 
tific consideration  of  the  very  data  they  collected 
and  a  repetition  of  the  experiments  on  a  larger 
scale,  with  carefully  balanced  groups,  showed 
clearly  that  there  was  no  valid  basis  for  such  a 
conclusion. 

There  is,  however,  a  distinct  tendency  among 
medical  men  in  the  United  States  today  to  give 
more  attention  to  the  therapeutic  vahie  of  me- 
chanically conditioned  air.    In  a  recent  issue  of 

Heating ,  Piping  a  i ;  1  A ir  Conditioning  (May, 
1930),  Dr.  Robert  F.  Morrison  presented  a 
paper  entitled  "Curing  Hay  Fever  with  Con- 
trolled Weather."   Among  other  things,  he  says: 

"Hay  fever  is  due,  as  has  been  seen,  to 
atmospheric  irritants  and.  as  the  present 
methods  of  treatment  are  largely  preventive 
it  seems  logical  to  conclude  that  controlled 
weather  affords  a  reasonable  means  of  treat- 
ing hay  fever.  Washed  air,  in  a  hospital, 
would  eliminate  all  dangers  from  irritants  in 
the  nature  of  dusts,  fumes  and,  to  a  consider- 


ligure  4— APT'ARATL'S  USED  TO  MEASUKE  BODY  TEM- 
PERATURE OF  SUBJECTS  IN  A  TEST  TO  DETERMINE 
PHYSIOLOGICAL   REACTIONS    TO    VARIOUS  ATMOS- 
PHERIC CONDITIONS 


able  extent,  odors.  The  temperature  would 
be  uniform.  Drafts  would  give  place  to  fixed 
air  motion  which,  at  low  speeds^  is  hardly 


noticeable.  P.est  of  all  the  temperature, 
humidity  and  air  motion  could  be  adjusted  to 
give  real  human  comfort  as  far  as  atmos- 
pheric conditions  are  concerned.  This  latter 
feature  would  mean  much  in  preventing 
fevers  and  in  maintaining  normal  conditions 
as  to  the  nerves."    .   .  . 

*'Hay  fever,  as  can  be  readily  seen,  often  is 
due  to  physical  conditions  similar  to  those 
had  in  various  forms  of  sinus  diseases.  Many 
specialists  send  patients  with  the  latter 
trouble  to  high  altitudes.  At  the  same  time 
numbers  of  those  with  sinus  troubles  have 
been  greatly  benefited  by  living  at  the  sea- 
shore. In  both  cases  the  pure  air  appears  to 
be  one  of  the  benefits  obtained  by  the  change. 
At  the  same  time  there  can  be  no  doubt  that 
the  higher  humidity  of  the  ocean  beach,  added 
to  the  small  amount  of  salt  in  the  air,  has  a 
healing  effect  that  is  not  obtained  in  the 
mountains.  From  this  it  appears  evident 
that  hay  fever,  and  sinus  diseases  as  well, 
might  be  cured  by  air  conditioning  at  higher 
humidities  where  tlie  air  is  permitted  to  be- 
come the  carrier  of  a  ])redetermincd  amount 
of  salt  or  some  other  healing  chemical." 

Tn  other  places,  other  medical  workers  have 
been  considering  the  use  of  controlled  atmos- 
I)heres  in  the  tieatment  of  pneumonia,  and  its 
effects  have  been  under  investigation  for  some 
months.  Others  have  been  testing  the  use  of 
air-conditioning  in  producing  fever,  where  such 
treatment  appears  to  be  indicated.  An  advanced 
tuberculosis  specialist  has  been  investigating  the 
possibility  of  equif^ing  an  experimental  room 
in  his  sanatorium.  Experiences  with  hay-fever 
suggest  that  tuberculous  patients  suffering  from 
similar  conditions  might  be  relieved  and  per- 
mitted to  conserve  their  energy  for  their  major 
l)attle. 

But  we  should  not  dismiss  the  subject  of  hay- 
fever  and  similar  diseases  without  telling  the 
story  of  the  gentleman  from  San  Antonio.  It 
so  happens  that  that  progressive  Texas  city  has 
the  first  completely  air-conditioned  office  build- 
ing in  the  world.  The  gentleman  who  is  the  sub- 
ject of  this  story  had  been  for  years  a  sufferer 
from  hay-fever.  Just  as  he  was  beginning  to 
be  afflicted  in  the  summer  of  1929,  he  called  on 
one  of  his  clients  who  had  recently  taken  quar- 
ters in  this  modt  rn  building.  The  relief  he  en- 
joyed was  so  immediate  and  so  complete  that 
he  took  quarters  in  the  building  later.  As  the  sum- 
mer heat  became  intense  and  his  business  would 
not  permit  him  to  stay  in  the  office  as  much  as 
necessary  during  business  hours,  he  installed  a 
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cot  in  the  crffice  and  spent  several  nights  there 
each  week.  For  the  fim  time  in  years,  he  en- 
joyed freedom,  and  it  is  no  wonder  that  he  wrote 
such  a  letter  of  gratitude  to  the  man  whose  fun- 
damental work  formed  the  basis  on  which  the 
air-conditioning  system  had  Ijeen  developed. 

It  has  been  said,  although  1  have  these  re- 
ports at  second  hand,  so  to  speak,  that  the  man- 
agers of  air-conditioned  movie-houses  have  their 
troubles  in  the  summer  time  with  hay-fever  suf- 
ferers who  arrive  as  soon  as  the  doors  are  opened 
and  after  seeing  the  picture,  seek  out  the  best 
lighted  spots,  where,  with  paper  or  book,  they 
remain  until  they  have  to  go  out  for  meals,  or 
the  theatre  closes. 

Before  concluding  this  article  it  might  be  well 
to  turn  our  attention  again  for  a  moment  to  the 
poor  normal  human.  In  an  earlier  article,  it 
was  stated  that  the  investigations  of  the  Research 
Laboratory  of  the  American  Society  of  Heating 
and  Ventilating  Engineers  had  clearly  shown 
that  as  far  as  his  relation  to  his  atmospheric  en- 
vironment was  conc^md,  man's  sense  of  comfort 
depended  on  the  anntunal  effect  of  the  tempera- 
ture, relative  humidity  and  motion  of  the  air  and 
on  the  temperature  of  the  enclosing  surfaces. 
From  the  standpoint  of  ccwnfort,  there  appears 
to  be  no  reason  why  a  deficiency  in  humidity 
might  not  be  compensated  by  a  slightly  higher 
temperature,  or  why  the  unfavorable  effects  of 
high  temperatures  and  humidities  might  not  be 
overcome  by  a  higher  rate  of  air  motion. 

Although  the  sense  of  comfort  at  any  effec- 
tive temperature  is  the  same  regardless  of  the 
adjustment  of  the  several  factors  that  go  to  make 
that  condition,  it  has  very  properly  been  asked, 
are  all  the  various  possible  combinations  of  tem- 
perature, humidity  and  air  motion  that  may 
comprise  any  "effective  temperature,"  equally 
healtiiful?  More  specifically,  is  an  "effective 
temperature,"  with  very  low  relative  luunidity  as 
healthful  as  the  same  effective  temperature  created 
by  a  slightly  higher  relative  humidity  and  slightly 
lower  temperature?  Some  have  said  that  die  ex* 
cessivdy  low  relative  humidities  of  the  average 
home  in  the  nortbem  United  States  in  winter, 
have  caused  the  nasal  mucous  membranes  to  dry 
out,  thus  providing  a  portal  of  entry  for  organ- 
i^s  causing  common  colds  and  other  serious  dis- 
eases. But  there  is  no  sdentific  evidence 
on  which  to  base  such  a  statement.  We 
know  that  furniture,  books  and  fabrics  de- 
teriorate in  dry  atmospheres.  If  there  were  no 
means  of  replenishing  the  natural  supply  of  mois- 


ture, nasal  mucous  membranes  might  do  the  same 
thing.  Then  if  anyone  really  knew  anything 
about  the  cause  of  the  common  cold,  whedier  it 


Figure    5— AL  TOMATU  ALLV    RECORDING    §ATE  AND 
CHARACTER   OF  A    SUBJECT'S   PUI-SE   BEAT    IN  A 
STl'DV  OF  THE  RELATIOX  OF  PHYSIOLOGICAL  REAC- 
TIONS TO  VA&IOUS  ATMOSPHERIC  CONDITIONS 


is  infectious  or  not,  and,  if  so,  just  what  the 
method  of  infection  is,  it  niiglU  be  possible  to 
find  evidence  to  support  this  oontet^ion.  The  mere 
tact  that  the  two  phenomena  occur  in  general  at 
the  same  Xvaxt  by  no  means  establishes  a  cause-and- 
effect  relationship  between  Ibe  two.  I^ooking  at 
the  other  side  of  the  picture,  we  find  f^ysidans 
sending  their  patients  to  warm,  dry  climates  for 
the  cure  of  some  respiratory  affections.  The 
whole  problem  needs  more  study,  and  the  Society 
of  Heating  and  Ventilating  Et^[ineers  plans  to 
investigate  these  matters  in  the  near  future. 

Meanwhile,  we  know  that  for  normal  indi- 
viduals physioloofical  reactions — body  temperature 
;m(l  pulse  rate — vary  with  effective  temperatnrvS 
and  not  direcilv  with  the  dry  bulb  temperature 
alone.    Figures  4  and  5  show  how  these  dc- 
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terminaiions  were  made  in  the  studies  at  the 
Society's  Research  Laboratory.  Men  stripped  to 
the  waist,  thus  approxitnating  conditions  of  men 
-engaged  in  hot  industries,  sitting  at  rest,  doing  no 
physical  work  showed  increasing  body  tempera- 
tures and  increased  pulse  rate  whenever  the  ef- 
fective temperature  exceeded  85°  F.  Strangely 
enough,  it  appears  that  the  pulse  rate  is  the  more 
sensitive  index  of  reaction  to  high  temperatures. 
Body  temperatures  respond  more  slowly.  Had 
the  men  been  standing  or  at  work,  these  reactions 


would  without  doubt  have  set  in  at  lower  effective 
temperatures.  The  same  thing  would  have  been 
true  had  the  subjects  been  normally  clothed. 

In  the  abstnice  of  information  to  the  contrary 
it  is  fair  to  assume  that  the  most  generally  com- 
fortable conditions  are  the  most  icalAful,  and 
that  an  effective  temperature  of  65*  F.  particu- 
larly if  it  is  obtained  with  a  relative  humidity 
of  not  less  than  30%  should  prove,  cm  this  as- 
sumption, to  be  the  most  healthful  condition  for 
average  adults  in  the  United  States. 
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